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The circadian clock relies on post-translational modifications to set the timing for degradation of core 23 regulatory components and, thus, sets clock progression. Ubiquitin-modifying enzymes targeting clock 24 components for degradation are known to mostly recognize phosphorylated substrates. A case in point is 25 the circadian factor PERIOD 2 (PER2) whose phospho-specific turnover involves its recognition by β-26 transducin repeat containing proteins (β-TrCPs). Yet, the existence of this unique mode of regulation of 27 PER2's stability falls short of explaining persistent oscillatory phenotypes reported in biological systems 28 lacking functional elements of the phospho-dependent PER2 degradation machinery.
29
In this study, we challenge the phosphorylation-centric view that PER2 degradation enhances circadian 30 rhythm robustness by i) identifying the PER2:MDM2 endogenous complex, ii) establishing PER2 as a 31 previously uncharacterized substrate for MDM2, iii) revealing an alternative phosphorylation-independent 32 mechanism for PER2 ubiquitin-mediated degradation, iv) pinpointing residues for ubiquitin modification, 
MATERIALS AND METHODS
128
Plasmid constructs
129
The human PER2 (NM_022817), p53 (NM_000546), Mdm2 (NM_002392), β-TrCP1 (NP_003930), and
130
CK1ε (BC006490, Addgene) full-length cDNAs were cloned downstream from a tag encoding sequence 131 into pCS2+3xFLAG-, and (myc) 6 -tag vectors (FLAG-PER2, FLAG-p53, FLAG-MDM2, FLAG-β-TrCP,
132
FLAG-CK1ε, myc-PER2, myc-p53, myc-Mdm2) modified for ligation-independent cloning (LIC,
133
Novagen). Various mutants of MDM2 (e.g., MDM2C 470 A) and PER2 (e.g., PER2S 662 A) were generated 134 from the FLAG-and myc-tagged templates, respectively, using QuikChange II site-directed mutagenesis 
144
Bacterial two-hybrid screening
145
The two-hybrid interaction screening was performed using the BacterioMatch II system (Stratagene) 146 following manufacturer's instructions. A specific bait (pBT-PER2) and target plasmid pair from a liver 147 library (pTRG cDNA library) were co-transformed with the bait vector plus the pTRG target vector.
148
Selection was performed as indicated in (22) and positive colonies were transferred from selective 149 screening medium onto a dual selective screening medium plate containing 3-amino-1,2,4-triazole (3-AT)
150
and streptomycin. The pBT-LFG2/pTRG-Gal11 P co-transformant was used as a positive control whereas 151 co-transformation of pBT-PER2 with either empty pTRG or pTRG-Gal11 P vectors were used as negative 
342
TrCP may be acting on PER2.
343
Period 2 is a bona fide substrate of MDM2
344
As PER2 binds MDM2 opposite its RING domain, we asked whether MDM2's catalytic activity could 
366
We previously established that residues within the center region of PER2 lay at the interface of its 367 interaction with p53 and facilitate the formation of a stable complex where circadian and checkpoint 368 signals converge (22,24). Thus, we turned our attention to defining ubiquitination events taking place, 369 specifically, within residues 683 to 872 in PER2.
370
As shown for p53, whereas ubiquitination by MDM2 is influenced by various factors including the 
407
To gain further insight into the relevance of cluster residues for ubiquitination to take place, two different 
440
We previously showed that residues 683 to 872 in PER2 are involved in binding of p53 (22, 24) and, now, confirming that PER2 priming is negligible for MDM2 recognition ( Figure 4C, lanes 13-16) . As is the recognition.
498
We also tested whether CK1ε-mediated phosphorylation was, instead, a pre-requisite for PER2 499 ubiquitination to occur (Supplementary Figure S5C) . To evaluate this possibility, we performed a two- 
603
Supplementary Figure S7F) . Therefore, despite the fact that changes in MDM2 levels influence circadian 604 oscillations, MDM2's E3 ligase activity is actually the chief contributor to the observed phenotype. 
658
Binding of PER2 to MDM2 occurs in a region distinct from those identified for p53 binding and E3 ligase 659 activity (Figures 1-2) , a result in agreement with the existence of the PER2:MDM2:p53 complex (22).
660
Next, we established PER2 as a novel substrate of MDM2 and, conversely, MDM2 resulted in a 661 previously uncharacterized E3 ligase responsible for PER2 ubiquitination (Figure 2 ). The relevance of 662 these initial findings lays in the existence of an alternative mechanism to recognize and target PER2 for 663 degradation that is independent of phosphorylation ( Figures 2-4 ).
664
Binding specificity among E2 enzymes of the UbcH5 family by MDM2 defined the intrinsic preference 
670
We found that the accumulation and half-life of endogenous PER2 varied in scenarios in which MDM2 671 levels or activity were modulated, which also altered the cell's circadian period length (Figures 5-6 ). 
697
At this point, the role of MDM2:PER2 interaction in the mammalian system and within any of the 698 scenarios described above remains largely within the domain of speculation and represents an area of 699 active research in our laboratory. We expect that mounting biochemical, molecular, and genetic evidence 700 will provide a conceptual framework within which we can understand how cells relate and respond to 802 protein structure and function prediction. Nat Methods, 12, 7-8. ii. i.
iii. 
